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学术动态 工具助手

美国 Science (《科学》)、英国 Nature (《自然》)

及美国 Cell (《细胞》)是国际公认的三大享有最高学

术声誉的科技期刊，发表在这三大期刊上的论文简称

CNS 论文。

本期梳理 2023年 12月 Nature、Science 期刊上材

料科学领域的最新论文。



[1] 3D microscopy at the nanoscale reveals unexpected lattice rotations in deformed nickel
纳米级三维显微镜揭示了变形镍中意外的晶格旋转

出版信息：Science, 1 DEC 2023, Volume 382 Issue 6674
作者：QIONGYAO HE, SØREN SCHMIDT et al.
第一作者单位：International Joint Laboratory for Light Alloys, College of Materials Science
and Engineering, Chongqing University, Chongqing 400044, China; Southwest Technology
and Engineering Research Institute, Chongqing 400039, China.
全文链接：https://www.science.org/doi/10.1126/science.adj2522
国内相关报道：https://www.cqu.edu.cn/info/1101/43801.htm
Abstract：We tracked the rotations of individual grains in nanograined nickel by using
three-dimensional orientation mapping in a transmission electron microscope before and after
in situ nanomechanical testing. Many of the larger-size grains underwent unexpected lattice
rotations, which we attributed to a reversal of rotation during unloading. This inherent
reversible rotation originated from a back stress–driven dislocation slip process that was more
active for larger grains. These results provide insights into the fundamental deformation
mechanisms of nanograined metals and will help to guide strategies for material design and
engineering applications.
摘要翻译：在原位纳米力学测试之前和之后，我们都通过透射电子显微镜的三维定向映

射来跟踪纳米镍中单个晶粒的旋转。许多较大尺寸的颗粒经历了意外的晶格旋转，我们

认为这是由于卸载过程中的旋转逆转。这种固有的可逆旋转源于背应力驱动的位错滑移

过程，较大的晶粒在其中更为活跃。研究结果为纳米颗粒金属的基本变形机制提供了见

解，并将有助于指导材料设计和工程应用策略。

文中插图：
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[2] Self-enhancing sono-inks enable deep-penetration acoustic volumetric printing
自增强声纳油墨可实现深穿透声学立体打印

出版信息：Science, 8 DEC 2023, VOL 382, ISSUE 6675
作者：Xiao Kuang, Qiangzhou Rong, Saud Belal, Tri Vu, Alice M. López López, Nanchao
Wang, et al.
第一作者单位：Division of Engineering in Medicine, Department of Medicine, Brigham and
Women’s Hospital, Harvard Medical School, Cambridge, MA 02139, USA.
全文链接： https://www.science.org/doi/10.1126/science.adi1563
Abstract：Volumetric printing, an emerging additive manufacturing technique, builds objects
with enhanced printing speed and surface quality by forgoing the stepwise ink-renewal step.
Existing volumetric printing techniques almost exclusively rely on light energy to trigger
photopolymerization in transparent inks, limiting material choices and build sizes. We report a
self-enhancing sonicated ink (or sono-ink) design and corresponding focused-ultrasound
writing technique for deep-penetration acoustic volumetric printing (DAVP). We used
experiments and acoustic modeling to study the frequency and scanning rate–dependent
acoustic printing behaviors. DAVP achieves the key features of low acoustic streaming, rapid
sonothermal polymerization, and large printing depth, enabling the printing of volumetric
hydrogels and nanocomposites with various shapes regardless of their optical properties.
DAVP also allows printing at centimeter depths through biological tissues, paving the way
toward minimally invasive medicine.
摘要翻译：立体打印是一种新兴的增材制造技术，通过放弃逐步更新墨水的步骤，可提

高生成对象的打印速度和表面质量。现有的立体打印技术几乎完全依靠光能来触发透明

油墨中的光聚合，这限制了材料选择和构建尺寸。研究组报道了一种用于深穿透声学立

体打印（DAVP）的自增强超声油墨（或声纳油墨）设计及相应的聚焦超声书写技术。

采用实验和声学建模的方法来研究频率和扫描速率相关的声学打印行为。DAVP实现了

低声流、快速声热聚合和大印刷深度的关键特性，可打印各种形状的体积水凝胶和纳米

复合材料（无论其光学性质如何）。DAVP还在生物组织中实现了厘米深度的打印，为

微创医学铺平了道路。

文中插图：



[3] Biomimetic, knittable aerogel fiber for thermal insulation textile
用于保温纺织品的仿生针织气凝胶纤维

出版信息：Science, 22 DEC 2023, Volume 382 Issue 6677
作者：MINGRUI WU, ZIYU SHAO et al.
第一作者单位：State Key Laboratory of Chemical Engineering, College of Chemical and
Biological Engineering, Zhejiang University, Hangzhou 310058, China.
全文链接：https://www.science.org/doi/10.1126/science.adj8013
国内相关报道：http://che.zju.edu.cn/checn/2023/1225/c37210a2842962/page.htm
Abstract： Aerogels have been considered as an ideal material for thermal insulation.
Unfortunately, their application in textiles is greatly limited by their fragility and poor
processability. We overcame these issues by encapsulating the aerogel fiber with a stretchable
layer, mimicking the core-shell structure of polar bear hair. Despite its high internal porosity
over 90%, our fiber is stretchable up to 1000% strain, which is greatly improved compared
with that of traditional aerogel fibers (~2% strain). In addition to its washability and
dyeability, our fiber is mechanically robust, retaining its stable thermal insulation property
after 10,000 stretching cycles (100% strain). A sweater knitted with our fiber was only
one-fifth as thick as down, with similar performance. Our strategy for this fiber provides rich
possibilities for developing multifunctional aerogel fibers and textiles.
摘要翻译：气凝胶被认为是一种理想的隔热材料。然而，由于易碎性和交叉口的可加工

性，它们在纺织品中的应用受到了很大的限制。我们通过在气凝胶纤维中包裹一层模仿

北极熊毛发核—壳结构的可拉伸层来克服这些问题。尽管其内部孔隙率超过 90%，但我

们的纤维可拉伸至 1000%的应变，与传统的气凝胶纤维相比，有了很大的提高。用我们

的纤维编织的毛衣厚度只有羽绒制品的五分之一，但性能却相差无几。我们这种纤维的

策略为开发多功能气凝胶纤维和纺织品提供了丰富的可能性。

文内插图：



[1]Multiscale stress deconcentration amplifies fatigue resistance of rubber
多尺度应力分散增强了橡胶的抗疲劳性能

出版信息：Nature, 14 December 2023, Volume 624 Issue 7991
作者：Jason Steck, Junsoo Kim et al.
第一作者单位： John A. Paulson School of Engineering and Applied Science, Harvard
University, Cambridge, MA, USA
全文链接：https://www.nature.com/articles/s41586-023-06782-2
Abstract：Here we amplify the fatigue threshold of particle-reinforced rubbers by multiscale
stress deconcentration. We synthesize a rubber in which highly entangled long polymers
strongly adhere with rigid particles. At a crack tip, stress deconcentrates across two length
scales: first through polymers and then through particles. This rubber achieves a fatigue
threshold of approximately 1,000 J m−2. Mounts and grippers made of this rubber bear high
loads and resist crack growth over repeated operation. Multiscale stress deconcentration
expands the space of materials properties, opening doors to curtailing polymer pollution and
building high-performance soft machines.
摘要翻译：在此，我们通过多尺度应力分散放大了颗粒增强橡胶的疲劳阈值。我们合成

了一种高度纠缠的长聚合物与刚性颗粒紧密结合的橡胶。在裂纹尖端，应力分散在两个

长度尺度上：首先通过聚合物，然后通过颗粒。这种橡胶的疲劳阈值约为 1000 J m−2。
由这种橡胶制成的支架和夹具承受高载荷能力，在重复操作中还能抵抗裂纹增长。多尺

度应力集中扩展了材料性能的空间，为减少聚合物污染和建造高性能软机械打开了新思

路。

文中插图：
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[2] Homogenizing out-of-plane cation composition in perovskite solar cells
钙钛矿太阳能电池中面外阳离子组成的均匀化

出版信息：Nature, 21 December 2023, VOL 624, ISSUE 7992
作者：Zheng Liang, Yong Zhang, Huifen Xu, Wenjing Chen, Boyuan Liu, Jiyao Zhang, et al.
第一作者单位：Key Laboratory of Photovoltaic and Energy Conservation Material, Institute
of Solid-State Physics (ISSP), Hefei Institutes of Physical Science (HIPS), Chinese Academy
of Sciences, Hefei, People’s Republic of China; University of Science and Technology of
China (USTC), Hefei, People’s Republic of China.
全文链接：https://www.nature.com/articles/s41586-023-06784-0
国内相关报道：https://www.cas.cn/cm/202311/t20231120_4986212.shtml
Abstract：Perovskite solar cells with the formula FA1-xCsxPbI3, where FA is formamidinium,
provide an attractive option for integrating high efficiency, durable stability and compatibility
with scaled-up fabrication. Despite the incorporation of Cs cations, which could potentially
enable a perfect perovskite lattice, the compositional inhomogeneity caused by A-site cation
segregation is likely to be detrimental to the photovoltaic performance of the solar cells. Here
we visualized the out-of-plane compositional inhomogeneity along the vertical direction
across perovskite films and identified the underlying reasons for the inhomogeneity and its
potential impact for devices. We devised a strategy using 1-(phenylsulfonyl)pyrrole to
homogenize the distribution of cation composition in perovskite films. The resultant p–i–n
devices yielded a certified steady-state photon-to-electron conversion efficiency of 25.2% and
durable stability.
摘要翻译：FA1-xCsxPbI3钙钛矿太阳能电池中 FA为甲脒，为集成高效率、持久稳定性

和与大规模制造的兼容性提供了一个有吸引力的选择。尽管 Cs阳离子的引入有望形成

完美的钙钛矿晶格，但 A位阳离子偏析引起的成分不均匀性可能会对太阳能电池的光伏

性能造成不利影响。研究组可视化了钙钛矿薄膜沿垂直方向的面外成分不均匀性，并确

定了不均匀性的根本原因及其对器件的潜在影响。他们使用 1-（苯磺酰基）吡咯设计了

一种来均匀化钙钛矿薄膜中阳离子组成分布的策略。由此产生的 p-i-n器件产生了 25.2%
的经认证稳态光子-电子转换效率和持久的稳定性。

文内插图：



[3] Three-dimensional atomic structure and local chemical order of medium- and
high-entropy nanoalloys
中高熵纳米合金的三维原子结构和局部化学有序性

出版信息：Nature, 21 December 2023, VOL 624, ISSUE 7992
作者：Saman Moniri, Yao Yang, Jun Ding, Yakun Yuan, Jihan Zhou, Long Yang, et al.
第一作者单位：Department of Physics and Astronomy and California NanoSystems Institute,
University of California, Los Angeles, Los Angeles, CA, USA
全文链接：https://www.nature.com/articles/s41586-023-06785-z
Abstract：Medium- and high-entropy alloys (M/HEAs) mix several principal elements with
near-equiatomic composition and represent a model-shift strategy for designing previously
unknown materials in metallurgy, catalysis and other fields. One of the core hypotheses of
M/HEAs is lattice distortion, which has been investigated by different numerical and
experimental techniques. However, determining the three-dimensional (3D) lattice distortion
in M/HEAs remains a challenge. Moreover, the presumed random elemental mixing in
M/HEAs has been questioned by X-ray and neutron studies, atomistic simulations, energy
dispersive spectroscopy and electron diffraction, which suggest the existence of local
chemical order in M/HEAs. However, direct experimental observation of the 3D local
chemical order has been difficult because energy dispersive spectroscopy integrates the
composition of atomic columns along the zone axes and diffuse electron reflections may
originate from planar defects instead of local chemical order. Here we determine the 3D
atomic positions of M/HEA nanoparticles using atomic electron tomography and
quantitatively characterize the local lattice distortion, strain tensor, twin boundaries,
dislocation cores and chemical short-range order (CSRO). We find that the high-entropy
alloys have larger local lattice distortion and more heterogeneous strain than the
medium-entropy alloys and that strain is correlated to CSRO. We also observe
CSRO-mediated twinning in the medium-entropy alloys, that is, twinning occurs in
energetically unfavoured CSRO regions but not in energetically favoured CSRO ones, which
represents, to our knowledge, the first experimental observation of correlating local chemical
order with structural defects in any material. We expect that this work will not only expand
our fundamental understanding of this important class of materials but also provide the
foundation for tailoring M/HEA properties through engineering lattice distortion and local
chemical order.
摘要翻译：中高熵合金（M/HEAs）混合了几种接近等原子组成的主要元素，代表了一

种模式转换策略，用于设计冶金、催化和其他领域此前未知的材料。M/HEAs的核心假

设之一是晶格畸变，已通过不同的数值和实验技术对其进行了研究。然而，确定M/HEAs
中的三维（3D）晶格畸变仍颇具挑战。此外，X射线和中子研究、原子模拟、能量色散

光谱和电子衍射结果对M/HEAs中假定的随机元素混合提出了质疑，表明M/HEAs中存

在局部化学有序。然而，由于能量色散光谱沿区带轴将原子柱的组成整合在一起，并且

弥漫电子反射可能来自平面缺陷而非局部化学有序，因此对三维局部化学有序的直接实

验观察一直很困难。研究组利用原子电子断层扫描技术确定了M/HEA 纳米粒子的 3D
原子位置，并定量表征了局部晶格畸变、应变张量、孪晶边界、位错核心和化学近程有

序（CSRO）。结果表明，与中熵合金相比，高熵合金具有更大的局部晶格畸变和更多

的不均匀应变，且该应变与 CSRO有关。研究组还在中熵合金中观察到 CSRO介导孪晶

形成，即孪晶发生在能量较高的 CSRO区域，而能量较低的 CSRO区域不会引发孪晶，



这代表了首次在任何材料中将局部化学有序与结构缺陷关联起来的实验观察。他们希冀

这项工作不仅可扩展人们对这类重要材料的基本理解，还将通过工程晶格畸变和局部化

学有序为定制M/HEA性能提供基础。

文内插图：


